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RESEARCH OBJECTIVES
Subsurface investigations often re q u i re characterizing hydro-

geological and geochemical parameters. Well-log or core meth-
ods for collecting these data are invasive and laborious, and are
t h e re f o re rarely acquired at a sufficient spacing for describing
field conditions. Integrated approaches, which combine multiple
s o u rces of information such as wellbore and geophysical meas-
u rements, offer great potential for improved, minimally inva-
sive, and cost-effective characterization. Deterministic integra-
tion methods, however, are limited because of their inability to
solve for a large number of unknown param-
eters, or to find a global optimal solution, or
to describe the uncertainty associated with
those parameters. We have developed a sto-
chastic integrated approach that overc o m e s
these limitations, based on the Markov chain
Monte Carlo (MCMC) method. This
a p p roach has been applied to two diff e re n t
data sets in order to demonstrate the benefits
of the method for integrating multiple
s o u rces of information.

APPROACH
Our integration framework is based on a

Bayesian estimation approach. Within this
framework, all unknown quantities are con-
s i d e red as random variables, and observable
parameters are considered as data with meas-
u rement errors. The unknown variables and
the known data are linked by geophysical
f o r w a rd models, rock physical re l a t i o n s h i p s ,
and the site-specific cross corre l a t i o n s
between all the parameters. Those variables,
data, and relationships together define a joint
conditional probability function (or posterior
p robability function). Our goal was to obtain
the marginal posterior probability function
for each unknown variable by conditioning
on all the available information. Since analyt-
ical methods are not tractable when the joint
p robability function includes such a larg e
number of unknown variables and when the
relationships are very complicated, we use
the MCMC method to obtain many samples
for each unknown random variable. Using
the generated samples, the mean, variance,
p rediction intervals, and posterior probability function of the
unknown variable can be calculated.   

ACCOMPLISHMENTS
We employed the developed stochastic model with cross-

hole ground-penetrating radar attenuation data to estimate
sediment geochemical parameters at the South Oyster
Bacterial Transport Site in Vi rginia (Figure 1). We also
employed the method with crosshole seismic and electromag-
netic data to estimate reservoir parameters, such as porosity
and water saturation. Results from the two case studies
showed that the developed method was more accurate, flexi-
ble, and efficient than deterministic approaches for integrating

multiple sources of parameter-estimation
information.

SIGNIFICANCE OF FINDINGS
We have developed a general framework

that can be used to integrate various types of
data sets for parameter estimation. This is
the first effort to use minimally invasive and
c o s t - e ffective geophysical data to aid in esti-
mation of field-scale geochemical parame-
ters. The methodology is particularly advan-
tageous for use with data sets involving a
l a rge number of variables and complicated
relationships between the variables.
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Figure 1. An example illustrating the use
of our stochastic integration approach for
geochemical parameter estimation. In this
study, ground penetrating radar attenua-
tion tomographic data (a) and other types
of wellbore data were used to estimate
logarithmic extractable Fe(II) (b) and
Fe(III) (c) concentrations along a two-
dimensional cross section. 
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